Introduction {#S0001}
============

Nasopharyngeal carcinoma (NPC) originates from the nasopharynx epithelium, which is a rare type of head and neck cancer that only accounts for 2% of all cases.[@CIT0001] The incidence of NPC varies a lot in different countries over the world.[@CIT0002] In China, NPC affects about 30 of 100,000 people.[@CIT0002] The prognosis of NPC is generally poor, especially for metastatic NPC, which is common among NPC patients.[@CIT0003]--[@CIT0005] In addition, in clinical practice, NPC can be easily be misdiagnosed as other clinical disorders, such as arthritis of the temporomandibular joint (TMJ), owing to their similar symptoms.[@CIT0006] Therefore, early diagnosis and diagnostic markers are urgently needed to improve the survival rate of NPC.

Histopathological examination is the gold standard for cancer diagnosis.[@CIT0007] Due to the invasiveness, histopathological examination is not appropriate for cancer screening.[@CIT0007] Recent studies have shown that cancer development is usually accompanied by changes in certain substances in blood.[@CIT0008] Therefore, monitoring the changes in levels of certain blood substances may provide information to predict disease conditions.[@CIT0008] Long non-coding RNAs (lncRNAs, \>200 nt) are critical players in cancer biology through their roles in regulating gene expression.[@CIT0009],[@CIT0010] LncRNAs are usually spatially or temporally expressed; however, they can be released into the blood to systemically regulate gene expression.[@CIT0011] NCK1-AS1 is a recently identified oncogenic lncRNA in cervical cancer.[@CIT0012],[@CIT0013] Our preliminary RNA-seq analysis revealed the altered expression of NCK1-AS1 in NPC and its inverse correlation with miR-135a, which is a tumor-suppressive miRNA in NPC14\]. This study aimed to investigate the involvement of NCK1-AS1 in NPC and explore its early diagnostic values as well as its potential interaction with miR-135a.

Materials and Methods {#S0002}
=====================

Study Subjects {#S0002-S2001}
--------------

This study passed the review board of the Ethics Committee of Huaihe Hospital. Study subjects included 50 cases of NPC patients (squamous cell carcinoma, gender: 29 males and 21 females; age: 47 to 72 years' old; mean age: 57.4±6.3 years' old), 50 cases of TMJ patients (gender: 29 males and 21 females; age: 46 to 71 years' old; mean age: 57.0±6.9 years' old), and 50 cases of healthy volunteers (gender: 29 males and 21 females; age: 48 to 73 years' old; mean age: 57.7±5.4 years' old). All the participants were selected in Huaihe Hospital between March 2015 and March 2019. Patients' inclusion criteria: 1) disease confirmed by histopathological exams; 2) newly diagnosed cases. Exclusion criteria: 1) therapies were initiated; 2) other clinical disorders were diagnosed; 3) history of previous malignancies. All participants were informed of experimental details and all of them signed informed consent. According to the AJCC stage, there were 22 and 28 cases at stage I and II, respectively.

Plasma and NPC Cells {#S0002-S2002}
--------------------

Before the initiation of therapies, 5ml blood was extracted from patients under fasting conditions. To separate plasma, blood was transferred to EDTA tubes, which were subsequently centrifuged at 1200g for 20 min.

Human NPC cell lines C666-1 and 13-9B were purchased from SHUNRAN (Shanghai, China). Cells were cultivated in the mixture composed of 90% RPMI medium 1640 and 10% FBS. Cell culture conditions were 37°C, 5% CO~2,~ and 95% humidity.

Cell Transfections {#S0002-S2003}
------------------

Negative control (NC) siRNA (5ʹ-UUCUCCGAACGUGUCACGUTT-3ʹ) and NCK1-AS1 (NCBI Reference Sequence: NR_110175.1) siRNA (5ʹ-GAAUGUCAUCCCAGCCGAAT-3ʹ), NC miRNA (5*′*−GGCAGGUAACGUGCGUUUCGA−3ʹ) and miR-135a mimic (5ʹ-UAUGGCUUUUUAUUCCUAUGUGA-3ʹ), as well as NC inhibitor (5ʹ−GGCAGGUAACGUGCGUUUCGA−3) and miR-135a inhibitor (antisense) were all from Sangon (Shanghai, China). C666-1 cells were harvested at the confluence of 70--80%. Cells were counted and transient transfections were performed to transfect 10 nM siRNA (NC siRNA as NC group), or 10 nM miRNA (NC miRNA as NC group) or 10 nM inhibitor (NC inhibitor as NC group) into 3×10^6^ cells. Transient transfections were mediated by lipofectamine 2000 (Sangon). Besides the NC group, control (C, untransfected cells) group was also included for all transfections. All the following experiments were performed using cells harvested at 24h post-transfection.

RNA Extraction and qPCR {#S0002-S2004}
-----------------------

At 24h post-transfection, C666-1 cells were harvested and counted. Total RNAs in 3×10^5^ cells or 0.25 mL plasma were extracted using RNAzol (Sigma-Aldrich, USA) with all steps performed following the manufacturer's instruction. MiRNAs were harvested by precipitating RNAs using 85% ethanol.

To remove genomic DNA, RNA samples were incubated with DNase I at 37°C for 1h. Tetro Reverse Transcriptase (Bioline) was used to perform all reverse transcriptions and QuantiTect SYBR Green PCR Kit (Qiagen) was used to prepare qPCR mixtures with 18S rRNA as an endogenous control to measure the expression levels of NCK1-AS1.

All-in-One™ miRNA qRT-PCR Detection Kit (Genecopoeia) was used to perform poly (A) addition of mature miRNAs, miRNA reverse transcription and qPCR assay. U6 was used as the endogenous control to measure the expression levels of miR-135a.

No-template reaction was used as a negative control. The slope of the standard curve was used to calculate the amplification efficiency (all between 95.6 and 98.1%). Primer sequences were: 5ʹ−TTCCCATTTCTCCCAGGTCC−3ʹ and 5ʹ−TGGTTACTTTGAGCCTGCCT−3ʹ for NCK1-AS1; 5ʹ−GTAACCCGTTGAACCCCATT−3ʹ and 5ʹ−CCATCCAATCGGTAGTAGCG−3ʹ for 18S rRNA. The forward primer of miR-135a was 5ʹ-UAUGGCUUUUUAUUCC-3ʹ. MiR-135a reverse primer and U6 primers were included in the kit.

The 2^−ΔΔCT^ method was used to process all data, and each experiment was performed in 3 replicates.

Transwell Assays {#S0002-S2005}
----------------

At 24h post-transfection, C666-1 and 13-9B cells were harvested and counted. A cell pellet containing 3×10^3^ cells were resuspended in 1 mL mixture of 99% RPMI-1640 medium and 1% FBS to make cell suspensions. Transwell assays were performed to analyze the effects of transfections on the invasion and migration of C666-1 and 13-9B cells. Before invasion assay, Transwell chambers were coated with Matrigel (Millipore) to mimic the conditions of in vivo invasion. Upper Transwell chamber was filled with cell suspension and a mixture of 80% RPMI-1640 medium and 20% FBS was used to fill the lower chamber. Under conditions of 37°C, 5% CO~2,~ and 95% humidity, cells were cultivated for 12h, followed by 0.5% crystal violet (Sigma-Aldrich, USA) staining for 25 min at 24 °C. A light microscope was used to count invading and migrating cells.

Data Process {#S0002-S2006}
------------

Experiments were performed in 3 biological replicates and mean values were counted and were used for all data analyses. Linear regression was used for correlation analyses. Differences were explored among 3 groups of participants or among different cell groups by ANOVA (one-way) in combination with the Tukey's test. Diagnostic analyses were performed by performing a ROC curve analysis. In the ROC curve, true positive cases were NPC patients and true negative cases were TMJ patients or healthy participants. p\<0.05 was statistically significant.

Results {#S0003}
=======

Levels of NCK1-AS1 in Plasma Were Specifically Increased in NPC Patients {#S0003-S2001}
------------------------------------------------------------------------

Analysis of the TCGA dataset revealed the upregulation of NCK1-AS1 in head and neck cancer compared to non-tumor tissues (HNSC, 4.99 vs. 1.85, [<http://gepia.cancer-pku.cn/detail.php?gene=NCK1-AS1>]{.ul}). Levels of NCK1-AS1 in plasma samples derived from 50 NPC patients, 50 TMJ patients and 50 healthy participants (Control) were measured by performing qPCR and were compared by performed ANOVA (one-way) in combination with Tukey's test. Comparing to the TMJ and Control group, significantly higher levels of NCK1-AS1 in plasma were observed in NPC patients ([Figure 1](#F0001){ref-type="fig"}, p\<0.05). However, plasma levels of NCK1-AS1 were not significantly different between TMJ and Control groups.Figure 1Levels of NCK1-AS1 in plasma were specifically increased in NPC patients. Levels of NCK1-AS1 in plasma samples derived from 50 NPC patients, 50 TMJ patients and 50 healthy participants (Control) were measured by performing qPCR and were compared by performed ANOVA (one-way) in combination with Tukey's test. Mean values of 3 replicates were presented, \*p\<0.05.

Increase Plasma Levels of NCK1-AS1 Showed Diagnostic Values for NPC {#S0003-S2002}
-------------------------------------------------------------------

The potentials of plasma levels of NCK1-AS1 in the diagnosis of NPC were analyzed by performed ROC curve analysis through the aforementioned methods. The area under the curve (AUC) \>0.05 indicates potential diagnostic values. With TMJ as true negative cases, AUC was 0.96 (95% confidence interval 0.93--0.95; standard error: 0.017) ([Figure 2A](#F0002){ref-type="fig"}). With healthy participants as true negative cases, AUC was 0.97 (95% confidence interval 0.94--1.08; standard error: 0.015) ([Figure 2B](#F0002){ref-type="fig"}).Figure 2Increase plasma levels of NCK1-AS1 showed diagnostic values for NPC. The potentials of plasma levels of NCK1-AS1 in the diagnosis of NPC were analyzed by ROC curve analysis. In the ROC curve, true negative cases were NPC patients and true negative cases were TMJ patients (**A**) or healthy participants (**B**).

NCK1-AS1 Regulated miR-135a Expression in C666-1 Cells {#S0003-S2003}
------------------------------------------------------

Expression levels of miR-135a in plasma of NPC patients were measured by performing qPCR. Correlations between miR-135a and NCK1-AS1 were analyzed by performing linear regression. It can be observed that plasma levels of miR-135a were significantly and inversely correlated with plasma levels of NCK1-AS1 ([Figure 3A](#F0003){ref-type="fig"}). To further investigate the interactions between NCK1-AS1 and miR-135a, C666-1 cells were transfected with NCK1-AS1 siRNA, miR-135a mimic or miR-135a inhibitor. Expression levels of NCK1-AS1 and miR-135a were measured by qPCR at 24h post-transfection. Comparing to C and NC groups, expression levels of NCK1-AS1 and miR-135a were significantly altered ([Figure 3B](#F0003){ref-type="fig"}, p\<0.05). Moreover, NCK1-AS1 siRNA silencing led to the upregulation of miR-135a ([Figure 3C](#F0003){ref-type="fig"}, p\<0.05). However, NCK1-AS1 expression was not significantly affected by miR-135 overexpression and inhibition ([Figure 3D](#F0003){ref-type="fig"}).Figure 3NCK1-AS1 regulated miR-135a expression in C666-1 cells. Expression levels of miR-135a in plasma of NPC patients were measured by performing qPCR. Correlations between miR-135a and NCK1-AS1 were analyzed by performing a linear regression (**A**). C666-1 cells were transfected with NCK1-AS1 siRNA, miR-135a mimic or miR-135a inhibitor, and transfections were confirmed by qPCR at 24h post-transfection (**B**). The effects of NCK1-AS1 siRNA silencing on miR-135a expression was analyzed by qPCR (**C**). The effects of miR-135 overexpression (left) and inhibition (right) on NCK1-AS1 expression were analyzed by qPCR (**D**). Mean values of 3 replicates were presented, \*p\<0.05.

NCK1-AS1 Knockdown Resulted in the Suppressed Invasion of Migration of C666-1 and 13-9B Cells Through miR-135a {#S0003-S2004}
--------------------------------------------------------------------------------------------------------------

The effects of transfections on the invasion ([Figure 4A](#F0004){ref-type="fig"}) and migration ([Figure 4B](#F0004){ref-type="fig"}) of C666-1 cells were analyzed by Transwell assays. Comparing to C and NC two groups, NCK1-AS1 siRNA silencing and miR-135a overexpression resulted in inhibited cell migration and invasion (p\<0.05). Moreover, miR-135a inhibition played the opposite role and attenuated the effects of NCK1-AS1 siRNA silencing. To further explore the roles of NCK1-AS1 in regulating NPC cell invasion and migration, 13-9B cells were used to repeat Transwell invasion ([Figure 5A](#F0005){ref-type="fig"}) and migration ([Figure 5B](#F0005){ref-type="fig"}) assay. Similar results were obtained (p\<0.05).Figure 4NCK1-AS1 knockdown resulted in the suppressed invasion of migration of C666-1 cells through miR-135a. The effects of transfections on the invasion (**A**) and migration (**B**) of C666-1 cells were analyzed by Transwell assays. Mean values of 3 replicates were presented, \*p\<0.05.Figure 5NCK1-AS1 knockdown resulted in the suppressed invasion of migration of 13-9B cells through miR-135a. The effects of transfections on the invasion (**A**) and migration (**B**) of 13-9B cells were analyzed by Transwell assays. Mean values of 3 replicates were presented, \*p\<0.05.

Discussion {#S0004}
==========

This study mainly investigated the roles of NCK1-AS1 in NPC. We found that NCK1-AS1 was upregulated in NPC, and NCK1-AS1 knockdown resulted in suppressed invasion and migration of NPC cells. The actions of NCK1-AS1 in this process are likely mediated by miR-135a, which is a tumor-suppressive miRNA in NPC.[@CIT0014]

The functions of NCK1-AS1 have only been investigated in cervical cancer.[@CIT0012],[@CIT0013] NCK1-AS1 is overexpressed in cervical cancer and promotes cell cycle progression and cell proliferation of cancer cells through the interactions with CDK1 and miR-6857.[@CIT0013] Inhibition of NCK1-AS1 inhibits the development of chemoresistance during chemotherapies, which in turn assists the clinical treatment of cervical cancer.[@CIT0012] This study is the first to report the upregulation of NCK1-AS1 in NPC and NCK1-AS1 siRNA silencing resulted in the suppressed NPC cell invasion and migration. Therefore, NCK1-AS1 is also an oncogenic lncRNA in NPC.

NPC has similar clinical symptoms to TMJ.[@CIT0015] Therefore, novel molecular biomarkers are needed to distinguish these two clinical disorders. We showed that NCK1-AS1 was specifically upregulated in NPC patients but not in TMJ patients. To evaluate the early diagnostic values of plasma of NCK1-AS1, our study only enrolled NPC patients at clinical stages I and II. We found that increased levels of NCK1-AS1 in plasma could be used to effectively distinguish NPC patients from TMJ patients and healthy participants. Therefore, measuring the levels of NCK1-AS1 in plasma may assist in the early diagnosis of NPC. However, the accuracy should be further tested with a bigger sample size.

MiR-135a is a tumor suppressor in NPC.[@CIT0014] In the development of NPC, miR-135a targets interleukin-17 to inhibit cancer cell proliferation.[@CIT0014] Our study also reported the downregulation of miR-135a in NPC. In addition, miR-135a negatively regulated the invasion and migration of NPC cells, indicating the potential roles of miR-135a in the metastasis of NPC. We showed that NCK1-AS1 siRNA silencing resulted in the upregulation of miR-135a. Our future study will explore the mechanism that mediates the interaction between miR-135a and NCK1-AS1. It is known that non-coding RNAs may also perform its functions through its structure.[@CIT0016] Future studies may focus on the analysis of secondary and tertiary structures of NCK1-AS1.

In conclusion, NCK1-AS1 is upregulated in NPC and NCK1-AS1 siRNA silencing may upregulate miR-135a to suppress cancer cell invasion and migration.
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